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  This	
  is	
  a	
  highly	
  leveraged	
  program,	
  involving	
  faculty,	
  
research	
  scien(sts,	
  postdocs,	
  and	
  graduate	
  student(s).	
  	
  	
  

	
  



LWS-­‐NASA/NSF	
  Partnership	
  for	
  Collabora(ve	
  
Space	
  Weather	
  Modeling	
  	
  

•  NSF:	
  Princeton,	
  UCSD	
  
•  NASA:	
  UNH,	
  LANL,	
  NASA-­‐GSFC	
  
•  Of	
  the	
  eight	
  awardees,	
  this	
  effort	
  is	
  primarily	
  one	
  
dedicated	
  to	
  global	
  magnetosphere	
  modeling.	
  

Team	
  Coordina=on:	
  
•  Monthly	
  telecon	
  and	
  meet	
  once	
  in	
  6	
  months.	
  One	
  
mee(ng	
  typically	
  at	
  Fall	
  AGU	
  and/or	
  GEM.	
  Annual	
  
mee(ng	
  at	
  Princeton	
  University.	
  	
  

•  Set	
  and	
  monitor	
  milestones.	
  



Primary	
  Objec(ve/Team	
  Coordina(on	
  

•  Our	
  central	
  objec(ve:	
  
Deliver	
  a	
  global	
  magnetosphere	
  code	
  to	
  CCMC	
  which	
  
integrates	
  extended	
  MHD	
  and	
  kine=c	
  effects,	
  with	
  
verifica=on	
  and	
  valida=on	
  with	
  observa=ons.	
  
Today’s	
  presenta(on:	
  
•  Overview	
  and	
  progress	
  on	
  integra=on	
  of	
  kine=c	
  
effects	
  :	
  A.	
  Bha@acharjee	
  

•  Next	
  genera=on	
  OpenGGCM:	
  K.	
  Germaschewski	
  
•  Importance	
  of	
  electron	
  and	
  ion	
  kine=c	
  effects	
  in	
  
global	
  simula=ons:	
  H.	
  Karimabadi	
  	
  



Desiderata	
  of	
  Capabili(es	
  in	
  Global	
  
Magnetosphere	
  Code	
  

•  Capability	
  to	
  study	
  processes	
  occurring	
  at	
  ion	
  and	
  electron	
  scales	
  (but	
  with	
  
ar(ficial	
  mass-­‐ra(o),	
  including	
  current	
  layers	
  and	
  dissipa(on	
  regions	
  with	
  
scale	
  separa(on	
  between	
  ions	
  and	
  electrons,	
  

•  Capability	
  to	
  include	
  new	
  equa(ons	
  of	
  state	
  for	
  the	
  anisotropic	
  and	
  tensor	
  
electron	
  and	
  ion	
  pressure,	
  with	
  significant	
  implica(ons	
  for	
  energy,	
  
magne(c	
  flux,	
  and	
  par(cle	
  transport	
  during	
  space	
  weather	
  events,	
  

•  Capability	
  to	
  handle	
  mul(ple	
  ion	
  species	
  (such	
  as	
  hydrogen	
  and	
  oxygen),	
  
thus	
  enabling	
  the	
  coupled	
  treatment	
  of	
  composi(on,	
  wave	
  and	
  instability	
  
dynamics	
  in	
  the	
  magnetosphere,	
  and	
  its	
  implica(ons	
  for	
  the	
  onset	
  of	
  
substorms	
  and	
  storms,	
  	
  

•  Efficient	
  and	
  flexible	
  computer	
  simula(on	
  codes	
  that	
  use	
  state-­‐of-­‐the-­‐art	
  
algorithms	
  and	
  scale	
  to	
  up	
  to	
  tens	
  of	
  thousands	
  of	
  processors	
  on	
  modern	
  
computa(onal	
  architectures,	
  

•  Valida(on	
  and	
  verifica(on	
  plan	
  to	
  model	
  geospace	
  during	
  storms	
  and	
  
substorms	
  that	
  can	
  be	
  tested	
  with	
  spacecraa	
  observa(ons,	
  

•  Deliverable	
  to	
  NASA	
  CCMC	
  for	
  community	
  access.	
  



Suite	
  of	
  Codes	
  and	
  V&V	
  
•  Next	
  Genera(on	
  OpenGGCM	
  (Germaschwski	
  and	
  Raeder,	
  

Leads)	
  
•  Gkeyll:	
  Testbed	
  for	
  tes(ng	
  equa(on	
  of	
  state	
  closures	
  in	
  

mul(-­‐fluid	
  formula(on	
  (Hakim,	
  Lead)	
  
•  Global	
  Hybrid	
  Code	
  H3D	
  (Karimabadi,	
  Lead)	
  
•  NASA-­‐GSFC	
  Global	
  Hall	
  MHD	
  Code	
  with	
  GPU	
  accelerators,	
  

including	
  mul(ple	
  ion	
  species	
  (Dorelli	
  and	
  Glocer,	
  Leads)	
  
•  Fully	
  Kine(c	
  Codes	
  VPIC	
  (Daughton,	
  Lead)	
  and	
  PSC	
  

(Germaschewski,	
  Lead)	
  
•  Verifica(on	
  and	
  valida(on	
  with	
  observa(ons	
  (Chen,	
  Lead).	
  
	
  
A	
  couple	
  of	
  our	
  codes	
  have	
  won	
  DOE	
  INCITE	
  grants.	
  	
  	
  
	
  
	
  



VPIC	
  performance	
  	
  

Using	
  VPIC	
  code:	
  
Bowers	
  et	
  al,	
  08,09	
  

Recently	
  achieved	
  
~7	
  trillion	
  	
  



Hybrid  ~1010 cells  ~ 1012 ions 

What	
  simula(ons	
  are	
  feasible	
  at	
  the	
  petascale?	
  (Karimabadi	
  
presenta(on)	
  

Fully	
  Kine>c	
  

VPIC	
  
simula(on	
  





Computing the reconnection rate in Earth’s 
magnetosphere 

Works	
  in	
  more	
  complicated	
  situa(ons	
  (FTEs,	
  mul(ple	
  separators….)	
  
•  The	
  current	
  density	
  is	
  maximized	
  on	
  (and	
  parallel	
  to)	
  the	
  separator,	
  in	
  contrast	
  to	
  the	
  

Cassak-­‐Shay	
  picture	
  of	
  asymmetric	
  reconnec(on.	
  
•  Most	
  of	
  the	
  contribu(on	
  to	
  the	
  integrated	
  parallel	
  electric	
  field	
  occurs	
  in	
  the	
  subsolar	
  

region	
  (even	
  when	
  current	
  density	
  peaks	
  in	
  the	
  cusps).	
  
•  To	
  compute	
  the	
  global	
  rate	
  of	
  open	
  flux	
  genera(on,	
  one	
  must	
  locate	
  the	
  “dominant	
  

separator(s)”	
  (just	
  as	
  in	
  2D).	
  



Earth is hard…we start with 
Gannymede  
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We expect the Hall effect to shape the global structure and 
dynamics of Ganymede’s magnetosphere (Germaschewski, 
next presentation)





Magnetic Reconnection and 
Ganymede’s Aurora 

Feldman et al., Ap. J., 
2000.



•  First observed by Hall et al., 
Ap. J., 1998.



•  Consistent with electron 
impact dissociation of O2



•  Spatial and temporal 
variability is difficult to 
explain if we assume 
homogeneous O2 atmosphere 
and electron fluxes



•  Is there an electron 
acceleration process 
analogous to that at Earth? 





High	
  level	
  issues	
  for	
  the	
  predic(ve	
  modeling	
  
of	
  magne(c	
  reconnec(on	
  in	
  global	
  models	
  	
  
1.	
  	
  Build-­‐up	
  and	
  onset	
  	
  
	
  	
  Where	
  &	
  when	
  does	
  reconnec(on	
  occur	
  ?	
  

2.	
  	
  Time	
  scales	
  
Local	
  vs	
  global	
  reconnec(on	
  rates	
  
Feedback	
  between	
  micro	
  &	
  macro	
  scales	
  
When	
  does	
  reconnec(on	
  turn	
  off	
  ?	
  
How	
  much	
  flux	
  is	
  reconnected	
  ?	
  	
  

3.	
  	
  Where	
  does	
  the	
  energy	
  go?	
  
Fast	
  flows	
  vs	
  ion	
  &	
  electron	
  hea(ng	
  	
  
Highly	
  energe(c	
  non-­‐thermal	
  tails	
  

Need	
  reduced	
  models	
  that	
  capture	
  some	
  of	
  these	
  effects	
  
in	
  global	
  codes,	
  while	
  avoiding	
  unnecessary	
  details	
  in	
  
predic(ve	
  global	
  codes.	
  













Our	
  presently	
  implemented	
  closure:	
  Hamme@-­‐Perkins	
  (1990)	
  	
  









Test	
  problem:	
  Coalescence	
  of	
  flux	
  tubes	
  

B.	
  P.	
  Sullivan,	
  A.	
  Bha@acharjee	
  
and	
  Y.-­‐M.	
  Huang,	
  Physics	
  of	
  	
  
Plasmas	
  16,	
  10211	
  (2009)	
  







Out-­‐of-­‐plane	
  electron	
  velocity	
  






